. Byfield et al. [5] showed, by cholesterol depletion, that membrane rafts are required to stabilized the interaction between the membrane and F-actin in aortic endothelial cells. Similarly, in fission yeast, maintenance of the actomyosin ring that mediates cell division, and its attachment to the membrane, have been found to be dependent on sterol-rich membrane domains [6, 7] . Interaction between the cytoskeleton and plasma-membrane lipids has been demonstrated in many cell types, suggesting that such interactions are generally important and evolutionarily conserved.
In addition to these biological processes, several components of lipid microdomains, such as phosphatidylinositol (4, 5) bisphosphate (PIP 2 ), phospholipase Cg (PLCg), sphingolipids and Src kinase family members, have not only been found at the cleavage furrow, but also shown to play functional roles in cell division [8] [9] [10] [11] [12] . In cells where PIP 2 is indispensable for cleavage furrow stability and cytokinesis [10] , it has been shown to act at the furrow in adhesion of the contractile ring to the plasma membrane [12] .
Lipid signaling proteins also appear to be locally regulated in the furrow membrane. The lipid phosphatase PTEN and PI 3-kinase regulate the spatial distribution of phosphatidylinositol (3, 4, 5) tri-phosphate (PIP 3 ), which in turn regulates cytokinesis [13] . The p85 regulatory subunit of PI 3-kinase controls localization of the GTPase Cdc42 to the cleavage furrow, where its activity is necessary for actin remodeling during cytokinesis [14] . The involvement of membrane lipids in cell division is also demonstrated by the effects of disrupting phosphatidylethanolamine, PIP5 kinase or PIP 2 at the cell surface [15] : in each case, cytokinesis is compromised because the component has an essential role in the dynamic structure of the contractile ring and membrane remodeling. Thus, the interaction of specific membrane lipid domains, or rafts, in the furrow with the cytoskeleton has been shown to be crucial for the completion of cell division.
Following these observations, Szafer-Glusman et al. [2] used a genetic approach to disrupt elongation of verylong-chain fatty acids in Drosophila spermatocytes to determine their role in cytokinesis. In contrast to previous models which have generally focused on membrane trafficking, the data in this new paper suggest that the biophysical consistency of the membrane is critically important in cytokinesis. An earlier biophysical study [16] showed that very-long-chain fatty acids, which are commonly found in sphingolipids, are able to stabilize highly curved membrane domains, such as those at the furrow region during cytokinesis.
In an earlier screen for EMS-induced male-sterile mutations causing cytokinetic defects during male meiosis in Drosphilia, Giansanti et al. [17] identified several alleles of the bond gene. Bioinformatic and functional analyses indicated that bond encodes a member of a conserved family of enzymes involved in the elongation of very-long-chain fatty acids. Szafer-Glusman et al. [2] analyzed two dramatic cytokinesis defects they observed in bond spermatocytes, involving cleavage furrow ingression and central spindle assembly. Using a GFP-tagged myosin regulatory light chain to visualize the contractile ring, they observed proper ring assembly in bond cells, but slow, if any, ring constriction. This loss of constriction led to failed cytokinesis as furrow ingression halted and subsequently regressed. Interestingly, they found that the contractile ring remains assembled and/or partially constricted after furrow regression in bond spermatocytes and attributed this to the membrane's inability to deform during ring contraction. Observations later in cytokinesis revealed that the contractile ring had collapsed and detached from the membrane, consistent with their idea that bond is required for membrane deformation. This work eloquently defines a specific role for the Bond protein in furrow ingression; very-longchain fatty acid elongation is impaired in bond mutants, disrupting membrane biophysical properties required for coupling of the plasma membrane to the actomyosin ring.
The involvement of Bond in the physical connection between the plasma membrane and the contractile ring further clarifies previous work on membrane dynamics and cytokinesis [18, 19] . But Szafer-Glusman et al. [2] detected F-actin rings in only 57% of bond spermatocytes in telophase.
Furthermore, these actin rings were significantly thinner and less constricted than wild type. Is verylong-chain fatty acid elongation also involved in proper contractile ring formation? Does Bond contribute to the contractile force of the actomyosin ring?
The second major finding in this paper comes from an observation made in a previous screen by Giansanti et al. [17] . Szafer-Glusman et al. [2] analyzed the severe central spindle defects seen in bond mutants and found that microtubules of these mutant spermatocytes were unable to form an organized spindle midzone. In many cells, the spindle midzone confers either a primary or a secondary signal for cytokinesis. As a result, cell elongation during the anaphase to telophase transition was stunted. In addition, they found furrow regression to be directly correlated with destabilization of equatorial microtubules.
Szafer-Glusman et al. [2] provide several insights into possible mechanisms of defective central spindle formation in bond mutant cells. Consistent with previous work by Giansanti et al. [20] , it is possible that the lack of very-long-chain fatty acid elongation affects not only contractility of the actomyosin ring, but also the ring's ability to stabilize midzone microtubules. This finding and explanation beg the question: what other biophysical characteristics of the plasma membrane are involved in microtubule dynamics? Earlier studies on membrane biophysical properties and composition have focused on membrane involvement in cytokinesis with regards to the actomyosin ring. The new paper extends the involvement of the plasma membrane to microtubule stabilization, attachment, and dynamics.
Szafer-Glusman et al.
[2] also suggest that proper cleavage furrow ingression is required for the cross-bridge formation that stabilizes midzone microtubules. This again places control of cytokinesis in the hands of the actomyosin ring with respect to membrane involvement. An involved molecular understanding of the interaction between membrane lipids, specifically very-long-chain fatty acids, and cytoskeletal components could help in clarifying the mechanism by which Bond affects central spindle assembly.
Finally, Szafer-Glusman et al. [2] question the dependency of proper central spindle organization on cell elongation, which is compromised in bond mutants. They found the initiation of furrow ingression to be coincidental with rapid elongation of wild-type cells during anaphase B. It is plausible that without very-long-chain fatty acid elongation, the decreased deformability of the membrane does not allow for the extent of cell elongation seen in wild type. However, a correlation between cell elongation and central spindle formation is necessary to explain the abnormal central spindle assembly observed in bond mutants.
Overall, this new paper introduces an essential role for a distinct membrane component, very-long-chain fatty acids, in central spindle assembly and cleavage furrow ingression during cytokinesis. It also raises interesting questions such as the relationship between membrane lipid composition and microtubule dynamics, both at the cortex and the spindle midzone. This work will continue to focus the field of membrane raft biology on cytokinesis.
Gene duplication is a key path leading to protein neofunctionalization [1] . When genes are duplicated in an organism's genome, one copy is free to diverge because the other can carry out the original cellular function. It appears that, throughout evolution, existing proteins have been recruited to adopt new roles. In many cases, repeated gene duplication, followed by functional divergence, has led to the generation of large gene families that undertake diverse tasks. The dynamin protein superfamily exemplifies such biological innovation.
Dynamins and dynamin-related proteins (DRPs) are relatively large GTPases that are involved in a myriad of processes that require the alteration of membrane structure (see [2] ). They play key roles in vesicle scission, organelle division, and cytokinesis. When associated with their target membranes, GTP-stimulated oligomerization and subsequent structural distortion upon GTP hydrolysis allow dynamins to facilitate endocytosis or other vesicular trafficking events. Each member of this superfamily is recruited to a particular membrane-bound compartment and, collectively, they exhibit extensive versatility and sub-specialization.
Dynamins are known to work on many cellular membrane systems but, until now, have not been shown to affect nuclear envelope structure. By studying the DRPs of the ciliated protozoan Tetrahymena thermophila ( Figure 1A) , Rahaman et al. [3] , in a recent issue of Current Biology, found that the Drp6 protein localizes to the developing macronucleus and is required for macronucleus differentiation [3] . Again, the dynamin superfamily shows its aptitude for innovation. Drp6 acts specifically on the macronucleus, one of two functionally distinct nuclei in the unicellular Tetrahymena ( Figure 1B) . The macronucleus contains the somatic (expressed) genome, while the micronucleus harbors a silent germline copy. Drp6 acts when these nuclei differentiate from one another during conjugation, the sexual phase of the life cycle.
Conjugation results in the loss of the parental macronucleus and the creation of a new micronucleus and macronucleus through the fusion of haploid nuclei produced from parental micronuclei that have undergone meiosis (see [4] for details). At the beginning of nuclear differentiation, the precursors of the new micronuclei and macronuclei are identical in size and genome content, but the new macronucleus rapidly enlarges, increasing its diameter 5-10-fold (see the relative size of the nuclei in Figure 1B ) in preparation for genome rearrangement and polyploidization. Thus, macronucleus development clearly involves rapid membrane expansion. Rahaman et al. [3] showed that the loss of DRP6 slows or blocks nuclear-membrane expansion, which suggests that Drp6 is involved in this process. Intriguingly, fluorescence recovery after photobleaching (FRAP) experiments showed that the rate of Drp6 assembly/disassembly on the nuclear envelope is developmentally regulated. These observations suggest that Tetrahymena macronucleus development provides a unique and powerful context in which to examine the factors that affect DRP kinetics in vivo. This is just the second example of a dynamin superfamily member with nucleus-related functions. The human MxB protein localizes to the cytoplasmic face of the nuclear envelope and regulates nuclear import [5] . However, there is no evidence that MxB does this by altering nuclear membrane structure, and Rahaman et al. [3] showed that Drp6 does not participate in nuclear protein import [3] . Both MxB and Drp6 appear to have been independently recruited to regulate nuclear functions.
DRP6 is one of four similar and adjacent genes (DRP3-6) that likely arose from a series of relatively recent gene duplication events. Intriguingly, DRP6 is the only paralog that encodes a protein that localizes to the nucleus. Thus, recruitment of this DRP to facilitate nuclear differentiation is an obvious biological innovation. Tetrahymena DRP1 is involved in the more conventional dynaminassociated role of clathrin-dependent endocytosis, and it is significantly
